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PURPOSE- To efficiently decompose the subject polymer compounds contained in 
industrial and household wastes into a molecular weight capable of recycling by 
using water in a supercritical or subcritical state as the solvent and carrying out 
selective hydrolysis or thermal decomposition of a natural or synthetic polymer. 
CONSTITUTION: A raw material composed of a natural or synthetic polymer is 
charged into a reaction tube 5 and water of ordinary temperature is added thereto. 
After the temperature reaches a preset temperature by heating while the solvent is 
pressurized and discharged through a dwell valve 2b, the reaction tube 5 is 
preliminarily heated to 200^ C by an infrared oven 4. The dwell valve 2b is 

subsequently closed and another dwell valve 2a is simultaneously opened. The 

reaction tube 5 is then.rapidiy heated so as to make the state of water ^ 

supercritical or subcritical for the purpose of selective hydrolysis and/or thermal 

decomposition of the natural or synthetic polymer. The aqueous solution in the 

reaction tube 5 is then cooled and recovered into a sampler 1 and the recovered 

aqueous solution is evaporated to dryness by using nitrogen gas. Selective 

decomposition of the natural or synthetic polymer is earned out thereby, thus 

obtaining the objective low-moderate molecular compounds capable of recycling. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect 

the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Alternative hydrolysis and/or the pyrolytic process of the nature 
characterized by using the water of a supercritical condition or a subcritical state as a 
solvent, and hydrolyzing and/or pyrolyzing nature or a synthetic high polymer 
alternatively, or a synthetic high polymer. 

•[Claim 2] The alternative hydrolysis according to claim-l and/or the pyrolytic process 
which are one sort chosen from the group which nature or a synthetic high polymer 
becomes from a cellulose, a lignin, a chitin, chitosan, silk, nylon, polyester, 
polyurethane, polystyrene, polyethylene, and polypropylene, or two sorts or more. 
[Claim 3] Alternative hydrolysis and/or a pyrolytic process given in claim 1 performed 
by adding an acid so that it may become water of supercritical or a subcritical state 
with 2% or less of acid concentration, or either of 2. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] The industry and the domestic waste discarded in large 
quantities while this invention has not been used, Nature or a synthetic high polymer 
with the especially increasing steadily ratio in these trash It is related with the 
approach that it can moreover process at a high speed (it may only be hereafter called 
a polymer) in large quantities, and low [ reusable ] - inside molecule useful compounds 
can be collected. It uses that the water in a supercritical condition or a subcritical 
state forms a good ion-reaction field for a detail. Polymers even the combination of 
configuration units or those oligomer extent For example, if it is in a cellulose, it is 
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related with the approach of decomposing efficiently by the glucose. 5-HMF. various 

carboxylic acids, etc. 

[0002] 

[Description of the Prior Art] Although a lot of biopolymers and synthetic polymers 
are contained in industry and a domestic waste, the actual condition is discarded 
without reusing the most. These polymers can serve as a precious chemistry raw 
material and a precious energy resource, and development of the technique in which 
these can be processed in large quantities and can be used effectively is desired. 
[0003] Although most expected among polymer resources, as one, a lot of celluloses 
and lignins which are contained in agriculture-and-forestry products, such as paper, 
wood, and straw, are mentioned. Hereafter, a cellulose is taken typically, is mentioned 
and explanation is advanced. Fundamentally, although various approaches, such as the 
elevated-temperature hydrolyzing method using ** thermal decomposition method 
and ** acid catalyst as a technique which generates a glucose from a cellulose, and 
the hydrolyzing method by ** enzyme, are learned, in the viewpoint of the 
mass-production-method approach of a glucose in any approach, it is the actual 
condition which is hard to be called effective approach. 

[0004] By the approach of the above-mentioned **, reaction control is impossible and 
there is a fault that the yield of a glucose is low. Moreover, by the approach of **, in 
order for there to be problems, such as equipment corrosion by the acid to add and 
acid removal from a product, and to avoid such un-arranging, when the concentration 
of an acid is controlled, there is a fault that the yield of a glucose becomes low. 
Furthermore, by the approach of **, it cannot use as industrial engineering with it. [ a 
slow reaction rate and ] [ industrial ] 

[0005] by the way, as an example of the hydrolyzing method (the approach of the 
aforementioned **) using an acid, among the above-mentioned conventional 
techniques The Forrest products laboratory performed during World War II (Forest 
Products Laboratory) In research by J.F.Saeman In the decomposition reaction by the 
acid of a cellulose, the generation rate of a glucose and the reaction rate of 
decomposition of the glucose which is not desirable are comparable, and it is reported 
that the improvement in yield of a high glucose is not expected. 

[0006] Although the technique which carries out acid treatment of it after pretreating 
the cellulose content matter with ethylenediamine. cadmium hydroxide, water, etc. 
was also proposed in order to raise the yield of a glucose (JP,59-160755,A), the yield 
of a glucose was not still enough. Furthermore, although the technique of obtaining 
high yield like when [which make concentration of an acid high ] JP,59-500648.A sees 
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is also proposed, complicated processing of the decomposition process of an acid etc. 
is further needed. 

[0007] The paper of Hans E.Grethtein indicated by "biotechnology - and - 
bioengineering [Vol.XX P 503-525] (1978)" on the other hand 0 [ Comparison ofthe 
Economics ] According to of Acid and Enzymatic Hydrolysis of Newsprint When the 
hydrolysis reaction rate under an elevated temperature is evaluated from the 
decomposition reaction rate ofthe cellulose measured under low temperature, and a 
glucose, in hot (however, 300 degrees C or less) hydrolysis It is 0.035 when a 
sulfuric-acid addition is 2%. It is shown that about 90% of glucose yield may be . 
obtained by the reaction time of a second. Moreover, equipment and an approach as 
shown in JP,57-129699,A based on this thought are also proposed. However, when 
this invention persons checked by experiment, it turned out that the dielectric 
constant ofthe water under elevated-temperature high pressure and an ionic product 
cannot differ greatly from the bottom of low-temperature ordinary pressure, the 
hydrolysis reaction rate evaluated under low temperature cannot be extrapolated, and 
the reaction rate under elevated-temperature high pressure cannot be evaluated as it 
is. Furthermore, there is a difficulty in the technique shown in the above-mentioned 
open official report at operability, and it cannot apply to a industrial extensive 
processing technique. Although the above-mentioned explanation was described 
focusing on the case of a cellulose, there is a problem with the same said of various 
polymer trash, for example, plastic film, a plastics bottle, an above-mentioned plastic 
tray, other various above-mentioned plastics moldingses, etc., and it has become one 
ofthe important problems in saving resources or earth environmental protection to 
decompose these alternatively and to collect low [ useful ] - inside molecular 
compounds. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention is made by the basis of such 
a situation, and the purpose is in the point of offering the optimal approach for 
collecting low [ which decomposes alternatively efficiently and can reuse the various 
polymers contained so much in industry and a domestic waste ] - inside molecular 
compounds, without generating un-arranging in the conventional technique. 
[0009] 

[Means for Solving the Problem] This invention which could attain the 
above-mentioned purpose has a summary at the point which uses the water of a 
supercritical condition or a subcritical state as a solvent, and hydrolyzes and/or 
pyrolyzes nature or a synthetic high polymer alternatively. Especially this invention is 
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useful as an approach of decomposing the polymer which makes a cellulose 
representation and obtaining various chemistry raw materials and an energy resource. 
Moreover, by this invention, in the target polymer, it is the main point not only 
containing the above-mentioned cellulose but any of synthetic polymers, such as 
biopolymers. such as a lignin, a chitin. chitosan. and silk, nylon, polyester, polyurethane, 
polystyrene, polyethylene, and polypropylene, and the trash which contains one sort 
or two sorts or more of these polymers in this invention can be hydrolyzed and/ or 
pyrolyzed effectively. 

[0010] In addition, it is effective to add a smalt amount of acid so that it may become 
2% or less of acid concentration, when raising yield, and the decomposition reaction in 
this invention does not add an acid, ** advances effectively, and removal of the acid 
after reaction termination is also comparatively easy for it. without producing 
equipment corrosion, since acid concentration is low. 
[0011] 

[Function] this invention persons examined the cellulose from various include angles 
about how to decompose effectively first. Consequently, by decomposing a cellulose 
using the water of a supercritical condition or a subcritical state, since a header and 
its technical meaning were accepted [ that a glucose can also generate ** with a 
sufficient controllability by 20% or more of high yield not using an acid, and ], it applied 
previously (Japanese Patent Application No. No. 238085 [ two to ]). Moreover, when 
an acid was added, the acid concentration of reaction mixture was also found by 
obtaining a glucose with high yield (for example. 30% or more) as for 1/10 or less 
[ conventional ]. 

[0012] The rationale in the operation and effectiveness by the water of a supercritical 
condition or a subcritical state can be considered as follows, although not the all were 
solved. The water of a supercritical condition or a subcritical state can change a 
dielectric constant and an ionic product (Kw) easily and sharply by controlling 
temperature and a pressure. Drawing 2 is a graph which shows the temperature 
dependence in each pressure of the ionic product (Kw) of water, and it is maintaining 
the high condition of an ionic product (Kw) to the elevated-temperature field, so that 
a pressure is high, and it can be expected to form the field for a good ion-reaction (a 
hydrolysis reaction and dehydration) in the bottom of a remarkable elevated 
temperature. That is. the ionic product and dielectric constant of water of a 
supercritical condition or a subcritical state are large, and since control of 
temperature or a pressure can adjust these in the broad range, it is thought by using 
the water of such a condition as a solvent of a hydrolysis reaction that the 
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environment optimal for the decomposition to a glucose, 5-HMF, and various 
carboxylic acids from a cellulose is offered. In addition, especially the cellulose 
content matter that can be used by this invention is not limited, and various cellulose 
content matter, such as pulp, wood powder, cotton, the corn heart, a sawdust, and 
straw, can be used for it. Moreover, since pretreatment of grinding etc. is performed, 
these cellulose content matter is supplied to a reactor by direct or the slurry regime. 
[0013] this invention persons came [ polymers / various ] examination in piles about 
the usefulness of the above-mentioned approach, even after the above-mentioned 
invention was completed. Consequently, when decomposing using the water of a 
supercritical condition or a subcritical state, a header and this invention were 
completed for alternative decomposition being effectively carried out also in various 
polymers, such as not only a cellulose but a lignin, a chitin, chitosan, silk, nylon, 
polyester, polyurethane, polystyrene, polyethylene, polypropylene, etc., and useful 
configuration unit molecules or those oligomer being collected. 
[0014] In addition, it is thought that it depends decomposition of polyethylene, 
polypropylene, polystyrene, etc. on radical reaction-(pyrolysis and oxidation reaction) 
decomposition although decomposition of the above-mentioned cellulose is 
considered that a hydrolysis reaction advances at the core. That is. although it is 
thought that another reaction in which the pyrolysis or the high-concentration 
hydrogen radical controlled by existence of high-pressure water participated has 
produced decomposition of these polymers unlike the pyrolysis under low voltage 
since there is little generating of gas. in this invention, this is called the pyrolysis for 
convenience. 

[0015] The controlling mechanism of the above-mentioned pyrolysis reaction in this 
invention can be considered as follows. Although it depends for the pyrolysis 
(cleavage of association) under ordinary pressure on temperature, a surrounding 
molecule, and radical concentration, the 2nd order decomposes, or the primary 
product disassembled and generated is combined with other radicals, and 
decomposition advances further. However, when the inactive molecule of high density 
exists in a pyrolysis reaction place, a pyrolysis reaction and secondary decomposition 
of a primary product will also be controlled, and a reaction rate and a reaction path will 
change. Moreover, since a water molecule also serves as a source of supply of a 
hydrogen radical, it serves as the different system of reaction from the pyrolysis 
under ordinary pressure. In the state of supercritical, by actuation of pressure 
temperature, since control can do water and a radical consistency sharply, it is 
thought that remarkable extent control is possible also for the pyrolysis in such a 
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place. 

[0016] Although what is necessary is in carrying out this invention just to adjust 
temperature and a pressure appropriately in the range of temperature:200-800 degree 
C and pressure:2.0 -90MPa at least in order to form the water of a supercritical 
condition or a subcritical state, the range of temperature:250-450 degree C and 
pressure:5-50MPa is more desirable. Moreover, in this invention, although it is also 
effective in the water of supercritical or a subcritical state to add acids, such as a 
sulfuric acid, a hydrochloric acid, and phosphoric acid, in the range used as 2% or less 
of concentration, if the addition effectiveness, after treatment etc. are taken into 
consideration, more desirable acid concentration will be 0.05% or less. That is, 
according to this invention, even if acid concentration is about 0.05%, the 
effectiveness by acid addition can fully be demonstrated. Although an example 
explains this invention to a detail further below, the following example is not the thing 
of the property which limits this invention, and each thing marked and done to before 
and the after-mentioned meaning for a design change is included in the technical 
range of this invention. 
[0017] 

[Example] the approximate account Fig. showing the example of equipment 
constituted in order that drawing 1 may carry out this invention — it is — 1 — a 
sampler. 2a, and 2b — a dwelling valve, and 3a, 3b and 3c — a condensator and 4 — in 
a pre-heater and 7, a pressure gage and 8 show a pump, 9 shows [ an infrared furnace 
and 5 / a coil and 6 ] a solvent tank, respectively, and this equipment is the thing of a 
half-batch process. 

[0018] this invention approach was enforced using the equipment shown in drawing 1 , 
and the effectiveness of this invention was checked. As a cellulose raw material, filter 
paper powder (40-100 meshes) was used. About 0.1 g of this raw material was taught 
to the coil 5, and the pressure up of the water (or water and a hydrochloric acid) of 
ordinary temperature was introduced and carried out to this. Next, after heating 
making a solvent discharge from dwelling valve 2b and reaching laying temperature, 
while carrying out the preheating (heating-up-time 1 minute) of the coil 5 to 200 
degrees C and closing dwelling valve 2b subsequently at the infrared furnace 4, 
dwelling valve 2a was opened and the coil 5 was heated quickly. At this time, the 
heating up time from 200 degrees C to laying temperature could be 15 seconds. And 
after cooling the water solution in a reactor 5, it collected to the sampler 1 and 
evaporation to dryness of this water solution was carried out with nitrogen gas, it 
trimethylsilylated after that and the quantum of the content of 5-HMF which are a 
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glucose and a glucose decomposition product was candied out by the gas 
chromatography. In addition, among the water-soluble materials which carried out 
evaporation to dryness, components other than the above-mentioned 2 components 
are non-volatile low-molecular carboxylic acids, and are the hydrolysis products of a 

cellulose. 

[0019] The result of having evaluated the yield of the resultant when changing acid 
concentration is shown in drawing 3 . In addition, reaction temperature and a pressure 
presupposed that 573K (300 degrees C) and 40MPa are fixed respectively. Moreover, 
acid concentration is set to 0. 0.002, 0.018. 0.036, and 0.072 (all are weight %), and 
reaction time is 2 minutes. 

[0020] Although it is clear from drawing 3 , it hydrolyzes about 100% and celluloses are 
collected as a glucose by high yield. Even if it is the case where especially an acid is 
not added, it turns out that the glucose is generating. Moreover, although acid 
concentration is very low, the decomposition reaction rate of a cellulose is large and 
the reaction is advancing quickly. In addition, after conducting the above-mentioned 
experiment, the cellulose crystal in a coil had disappeared completely. 
[0021] The result of having evaluated the yield of the glucose when changing a 
pressure is shown in drawing 4 . In addition, reaction temperature was mostly 
considered as regularity (390-400 degrees C). Moreover, reaction pressure is set to 
25MPa(s). SOMPa, and 35MPa, and reaction time is 2 minutes. Although it was clear 
from drawing 4 . by adjusting a pressure showed that the yield of a glucose was 
controllable. 

[0022] Drawing 5 is the approximate account Fig. showing other examples of the 
equipment constituted in order to carry out this invention, drawing 10 shows a pump, 
1 1 shows a solvent time condemnation tank, respectively, other parts correspond with 
the configuration shown in drawing 1 R> 1 , and the same reference mark is attached. 
In addition, the equipment shown in drawing 5 is the configuration of continuously 
measurable circulation type equipment. 

[0023] this invention persons carried out this invention about various polymers, 
conducted the decomposition experiment, and examined the effectiveness of this 
invention. At this time, the decomposition reaction experiment of a cellulose was 
conducted using the circulation type equipment shown in drawing 5 R> 5. Namely, 
after having sent 2% of the weight of the cellulose slurry, making it **** with hot water 
on condition that 400 degrees C and 30MPa and making it react for 1 minute, the 
invert ratio was computed, by having cooled and decompressed, having collected and 
having measured the weight. On the other hand, the decomposition reaction 
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experiment of polymers other than a cellulose was conducted using batch process 
equipment, namely, the metal bath heated by 400 degrees C after teaching each 
polymer about 0.5g, and 3ml of water to the coil (volume of 6ml, and product made 
from SUS) and carrying out the nitrogen purge of the reaction within the pipe one — a 
coil — putting in — being rapid (800 K/min) — the temperature up was carried out. 
After making it react for 1 minute on condition that 400 degrees C and SOMPa, the coil 
was put into cold water, and was quenched, the polymer residue within a reaction was 
collected, the weight was measured, and invert ratio calculation was carried out. 
Although the result was shown in Table 1, also in which polymer, alternative hydrolysis 
and/or an alternative pyrolysis were advancing promptly for a short time, and the 
effectiveness as an extensive processing technique of a polymer was suggested. It 
was thought that most generating of a lot of gas which is looked at by the pyrolysis 
reaction under ordinary pressure at this time was not seen, but reactions like ion, 
such as a hydrolysis reaction and dehydration, or the pyrolysis reaction controlled by 
existence of the water of high density had produced it. In addition, the coupling case 
of each polymer was also shown in Table 1. 
[0024] 
[Table 1] 
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[0025] Sent 2% of the weight of the cellulose slurry, it was made to react by various 
pressures using the equipment shown in drawing 5 (temperature of 400 degrees C). 
high speed chromatography analyzed reaction mixture, the resultant presentation was 
determined, and it investigated about the pressure dependency of a cellulose 
decomposition resultant presentation. Although the result is shown in drawing 6 , the 
yield of the hydrolysis reaction which is a reaction like ion, and dehydration products 
(a cellobiose, a glucose, 5-HMF, a mannose, 1, 6-anhydro glucopyranose, 1. 6-anhydro 
MANNO pyranose. etc.) increases with a boost of a pressure, and the yield of a 
pyrolysis resultant (acetone) is decreasing. Increase of a pressure considers that this 
is for the ionic product of water to become large, for an ionic reaction to become more 
dominant, and for the alternative hydrolysis reaction of glucose association to 
advance preferentially. 
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[0026] 

[Effect of the Invention] This invention is constituted as mentioned above and can 
carry out alternative decomposition of the polymer now effectively by using 
supercritical or subcritical water as a solvent. Such this invention approach is very 
expectable as the extensive processing technique of the industry and the domestic 
waste which contains a polymer so much, especially a technique of collecting useful 
compounds frorn them alternatively. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the approximate account Fig. showing the example of equipment 
constituted in order to carry out this invention. 

[Drawing 2] It is the graph which shows the temperature dependence in each pressure 
of the ionic product of water. 

[Drawing 3] It is the graph which shows the effect of acid concentration to the 
product yield when carrying out this invention. 

[Drawing 4] It is the graph which shows the relation of a pressure to the yield of a 
glucose. 

[Drawing 5] It is the approximate account Fig. showing other examples of the 

equipment constituted in order to carry out this invention. 

[Drawing 6] It is the graph which shows the pressure dependency over the 

decomposition reaction product presentation of a cellulose. 

[Description of Notations] 

I Sampler 

2a, 2b Dwelling valve 
3a, 3b, 3c Condensator 

4 Infrared Furnace 

5 Coil 

6 Pre-heater 

7 Pressure Gage 

8 Ten Pump 

9 Solvent Tank 

I I Solvent Time Condemnation Tank 
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[Drawing 3] 
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